Water contamination events are a public health concern worldwide with significant potential to impact the global community. When communicating with the public during these crisis situations, it is vital to consider the multiple audiences who receive the messages. Before developing or delivering messages to a particular community, it is essential to be familiar with the community's characteristics, needs, concerns, and who is considered credible to that community.
INTRODUCTION
Water contamination events are a public health concern worldwide. In 1988, the water supply of Camelford, North Cornwall in the UK was accidentally contaminated with aluminum sulfate when a substitute worker inadvertantly deposited the compound into the wrong tank at the water treatment facility. Approximately 20,000 individuals were exposed to aluminum, lead and other chemicals. Communication about the event and the potential health risks was fluctuating and, at times, contradictory and caused significant concern among the citizens of that community. In addition to the immediate health effects of the exposure, the health impact of this event is potentially ongoing, as nearly two decades later many citizens of the community have ongoing health concerns that they attribute to the event (McMillan et al. 1993; Powell et al. 1995; Altmann et al. 1999; Exley & Esiri 2006) . In Bangladesh, over 20 million have been exposed to drinking water contaminated with naturally occurring arsenic at levels over 50 mg/l (Smith et al. 2000) .
In June 2007, radioactive water contamination was discovered at a nuclear power plant site in North Carolina.
The source of the contamination has not yet been identified.
However, the contamination is believed to be contained within the confines of the plant, and local residents have been reassured that there is no cause for concern (Snow 2007) . In situations like these, where the health of many is threatened by water contamination, clear, timely communication doi: 10.2166/wh.2008.041 regarding the nature of contaminants, potential risks to health and recommendations for action is essential.
Whether contamination events result from biological, chemical or radiological threats, it is clear that they are a significant public health concern that requires a timely and appropriate response, and they have the potential to significantly affect the health of the public. Investigation of the contamination, containment of the contaminant and prevention of future incidents are essential components of an effective risk management plan (Covello 2005) . While these traditional strategies are an excellent framework, it is essential that effective communication strategies be implemented as part of the overall risk management strategy. Effective communication with the public before and during such events is crucial. Without it, confusion, anxiety and panic can ensue. Additionally, without effective communication, the public is not able to take risk-reducing actions in a timely fashion, thus potentially increasing the negative impact of the contamination on the health of the community. When communication breaks down during contamination events, it can cause significant harm beyond that of physical health. Psychological effects may be a major component of the adverse health effects of contamination events, including somatoform disorders and anxiety-related disorders which are believed to play a role in the ongoing morbidity in Camelford (Hunter & Reid 2005) .
CASE STUDY: COMMUNICATION FAILURE IN A WATER CONTAMINATION EVENT
One of the largest water contamination events in the United States occurred in Milwaukee, Wisconsin in 1993. An outbreak of Cryptosporidium occurred, resulting in significant morbidity and mortality. Numerous consumers raised concerns regarding water quality and many reported to local health care providers with symptoms of infection. However, it was a full two weeks before the contamination was identified as the cause of the problem. During this event, the primary means of communication with consumers (and sometimes between agencies) was the media. Consumers were not made aware early that a potential contamination was occurring.
At that time the city of Milwaukee did not have a coordinated disaster communication plan. A review of the situation suggests that several significant communication breakdowns occurred on many levels, and consumers from multiple communities were overlooked in this event. After that event, the city of Milwaukee changed its emergency response practices. A broad, diverse public notification strategy was developed using tiered approaches so that no one would be left out. Now, pre-established channels of communication are used to send special advisories to targeted audiences, and community resources are identified in advance. This strategy could have mitigated the effects of the contamination event.
Many hospitalizations, deaths, many dollars of lost wages and many days of lost time from work and school as well as several lawsuits could have been avoided had a more effective communication strategy been in place before the contamination event occurred (US EPA 2004).
It is essential that the messages delivered are relevant to the intended audience, are appropriate to their norms and expectations, and speak to their experiences. The message must be delivered by a source that is credible to the audience, be it a celebrity, local public health official or respected community member (Arkin 1989) . The impact of trust, credibility and respect cannot be underestimated in health-related interactions with vulnerable populations (Peters et al. 1997; Boulware et al. 2003; Blanchard & Lurie 2004) .
Clearly, the process of planning, developing and implementing effective health communication messages is not a brief one. Thus, it is important that those who are charged with communicating with the public during times of water contamination events prepare in advance. Holding focus groups and testing a variety of different messages with community groups prior to a water contamination event may be a very useful strategy for communicating most effectively during the crisis moments. Additionally, working with community leaders to develop, evaluate and refine messages can ensure that they have been evaluated within a subset of the specific population before they are released to the general community.
Risk communication and crisis communication
Prior to a water contamination event, risk communication is useful to alert and prepare the public for an impending risk. water consumers/patients are central to this discussion (Meinhardt 2003) .
In addition to the WHO guidance, Seeger describes ten best practices in crisis and risk communication; they are listed in Table 1 (Seeger 2006) . While it has been suggested that these practices are useful for message construction (Venette & Bhattacharya 2006) , these practices are difficult to implement and rarely accomplished (Sandman 2006) . 
Behavioral theory and health communication
Behavioral theory plays an important role in the development of effective messages that motivate recipients to undertake particular actions or change their behaviors.
Outbreaks of water-related illness can be avoided if consumers can be motivated to undertake health-protective behaviors during a contamination event (Doria et al. 2005) . First, it is essential to determine if the threat is relevant and significant. If it is determined that the threat is both relevant and significant, the next appraisal is of one's ability to carry out the recommended action (self-efficacy) and the efficacy of the proposed response (Hale & Dillard 1995; Witte et al. 2001) . After these appraisals, one of three responses follows: no response, a danger control response-to reduce the negative consequences the message depicts, or a fear control response-to reduce the emotion of fear (Figure 4 ).
For example, the fear appeal message is delivered:
"Your water may be contaminated, placing you at risk for serious illness, requiring hospitalization. Boiling water will kill parasites and protect you from Giardia infection".
Individuals then determine the severity of and their susceptibility to the threat: "Are parasites/Giardia infection serious? Could they affect me?". If the message recipients perceive that Giardia infection is not serious, or they are not at risk, there is no response. If individuals determine that the answer to both questions is yes (i.e. they perceive a relevant and significant threat), they then decide if boiling water will be effective in preventing Giardia infection and if they are able to boil water. If they: (1) deem the problem to be significant and relevant, (2) consider boiling water to be an effective action and (3) are able to boil water, they then enter danger control mode and will boil water. If they perceive the problem to be serious, but are unable to boil water, or believe that boiling water will not make a difference, they enter into fear control mode and will not take the recommended action (Figure 4 ).
VULNERABLE POPULATIONS AND TARGETED COMMUNICATION
It is essential to consider that the best message for one community is not necessarily the most effective for another.
Understanding the audience is just as important as understanding the information to be communicated, if not more so. The term "vulnerable populations" is not synonymous given and patients' insurance status.
STRATEGIES FOR EFFECTIVE COMMUNICATION WITH VULNERABLE POPULATIONS
Socio-economically effective messages 
Psychologically/intellectually appropriate messages
Though often overlooked, it is essential to remember that those who are mentally ill or intellectually disabled are also members of our communities and are also at risk in the event of water contamination events. These individuals receive and process messages differently than others in the community. Whether they are community-dwelling or institutionalized is important to consider as well. Different disorders may be associated with different communication problems (Spaniol et al. 1994; Brown 2002; Linhorst 2006; Rahman 2006) . Additionally, speech, language or hearing may be impaired in individuals with mental illness or intellectual disabilities (Kramer et al. 2001) . Families and care-givers need to be involved in transmission of information as do health care providers (Young et al. 2000; Finke 2004 ). Additionally, caregivers and health care providers need to be trained in effective communication with these populations as they experience significant disparities in health and health care (Trumble 1993; Kerins et al. 2004; Melville et al. 2005 Melville et al. , 2006 Krahn et al. 2006) . It is essential to communicate these various risks with health care providers as well as the general public (Cascardo 2006a, b; Kleinpeter et al. 2006 ).
Messages for those at high risk of waterborne illnesses

Messages to children
Children and adolescents are not merely small adults, and in communicating with them, it is essential to consider their developmental stages. In times of crisis, it is essential to communicate to them that they are safe and avoid inducing unnecessary fear and anxiety (Maibach 1995; Wolraich et al. 1999; Hagan 2005; Markenson & Reynolds 2006) . When preparing messages for children or adolescents, their parents and teachers need to be involved in both the development of the messages and their transmission. It is also essential that exposure to the media be monitored, as overexposure can be traumatizing. This is especially an important consideration for unsupervised latchkey kids (Maibach 1995; Wolraich et al. 1999; Hagan 2005; Markenson & Reynolds 2006 ).
Messages to older adults
As our populations age, it is increasingly important to make sure that information and care directed toward the general public are also accessible to older adults (Spotts & Schewe 1989; Schewe & Spotts 1990; Barrett 1994; Ryan et al. 1995; Ferguson 1997; Kopp 2001; Miller 2002; Wetzels et al. 2007) .
It is essential to consider vision and hearing changes as well as declining physical status (Bade 1991; Lichtenstein 1992; Lindblade & McDonald 1995; Witte & Kuzel 2000) .
Cognitive issues, such as Alzheimer's dementia or memory loss, should be a consideration as well. Regardless of the specific physical/cognitive impairment, it is essential to involve family or caretakers in the communication process (Polk 2005; Cotrell et al. 2006; Onor et al. 2006) .
Culturally effective communication
Our global community is becoming increasingly multi- Other studies suggests that not all segments of the population access and act on water-related public health advisory information in the same way (Beehler et al. 2003; Anderson et al. 2004) . 
CONCLUSIONS
The contamination of a community's water supply by intentional or unintentional chemical, biological or terrorist agents poses significant risks to the health of all members of that community. Effective communication is audiencecentered, and it is imperative that, in communicating public health messages to communities, we do not neglect our vulnerable populations. We must seek to understand them, develop messages that are appropriate for them and use messengers that are credible in their eyes. The diversity of our communities presents a unique opportunity to work with community leaders to develop, evaluate and refine risk messages, ensuring that they are appropriate for the targeted audience, before they are released to the community as a whole. We must carefully consider the perspectives and needs of vulnerable populations to ensure that the messages they receive in water contamination events are clear and effective. In situations such as those that occurred in Camelford, Bangladesh, Milwaukee and North Carolina, all segments of the community must receive clear, appropriate information that they can relate to. This is especially true in an age of heightened concern for the impact of terrorism on global water supplies. The global community's health depends on clear, timely and targeted risk and crisis communications before and during water contamination events.
